Specimens of blood, lymph nodes, spleens, and genitalia were collected at slaughter from seven 3-and 4-year-old male bison that had recently become seropositive for brucellosis. The animals were from a captive herd of approximately 3,500 bison located in central South Dakota. Brucella abortus biovar 1 was isolated from 2 or more specimens from each of 6 bison. Severe necrotizing and pyogranulomatous orchitis was present in 1 testicle from 1 bull, and 4 animals had mild to marked seminal vesiculitis. Immunohistochemical staining labeled organisms in seminal vesicles and the testicle with orchitis. Ultrastructurally, intact bacilli were present in cytoplasmic vacuoles of some macrophages; other macrophages contained intracytoplasmic aggregates of calcified coccobacilli.
spleen were frozen on dry ice and, together with the formalinized tissues and 10-ml samples of whole blood and blood in EDTA, were transported to the National Veterinary Services Laboratories and the National Animal Disease Center in Ames, Iowa, for serologic, bacteriologic, histopathologic, and electron microscopic examination.
The following serologic procedures for Brucella were completed: standard plate, 2 standard tube, 2 rivanol, 3 card, 3 complement fixation (CF), 4 buffered acidified plate antigen (BAPA), 3 particle concentrate fluorescence immunoassay (PCFIA), a and a competitive enzyme-linked immunosorbent assay b available commercially.
Thawed specimens were cultured as previously described 1 with modifications. In brief, each piece of tissue was individually minced, placed in an equal volume of PBS, and macerated in a stomacher. c After maceration, each specimen was processed in a glass tissue grinder, d and the entire resulting suspension was poured in aliquots onto the following media: tryptose agar with 5% bovine serum and antibiotics (TSA), TSA with ethyl violet (TSAEV), Ewalt's medium, 10 and Farrel's medium. 11 Ten milliliters of heparinized blood specimens was directly plated onto the agar media and incubated with added CO 2 at 37 C for 2 wk.
Formalin-fixed tissues were trimmed, embedded in paraffin, sectioned at 5m, and stained with hematoxylin and eosin (HE). Selected sections were stained using Gram's, Giemsa, and fuchsin-methylene blue acid-fast 12 techniques. Immunohistochemical staining was done using a commercially available labeled streptavidin-biotin system. e Four-micrometer sections were mounted on positively charged slides, f deparaffinized, hydrated to buffer g (pH 7.5), treated with 3% H 2 O 2 (5 min) to quench endogenous peroxidase, blocked for 5 min at 37 C with nonimmune goat serum, e and incubated 30 min at 37 C with a polyclonal antibody (1: 10,000) prepared in rabbits against B. abortus strain 2308. 16 Next, sections were rinsed 3 times in buffer g and incubated with biotinylated goat origin anti-rabbit Ig e (30 min at 37 C). After 3 rinses, peroxidase-labeled streptavidin e was applied (10 min at 37 C) and rinsed, and color was developed with 3-amino-9-ethylcarbazole (AEC) in N,N-dimethylformamide. e Sections were counterstained with Gill II hematoxylin h and coverslips were mounted with an aqueous-based mounting medium. e Nonimmunized rabbit Ig fraction e was substituted for the primary antibody as a negative control. A capillary gap system i was used for immunohistochemical staining.
Tissue for electron microscopic analysis was retrieved from formalin and placed in 3% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.2) for 4 hr, processed, and embedded in Medcast epoxy resin. Six specimens from 1 testis were sectioned, and specimens that contained lesions were recut, stained with uranyl acetate and lead citrate, and examined by transmission electron microscopy.
Results
Serologic testing of the 7 bison bulls disclosed one animal (no. 939) with low to intermediate titers and 6 animals with high titers to B. abortus (Table 2) .
On culture, B. abortus was isolated from 2 or more specimens from 6 of the 7 bison ( Table 1) . Numbers of colonies varied from a single colony isolated from 1 medial iliac lymph node of bull 680 to colonies too numerous to count, cultured from seminal vesicles of 3 bulls and an enlarged testicle from bull 80. All isolates were identified as B. abortus biovar 1. Brucella abortus was not isolated from bull 939. The only gross lesions observed were in a testicle from bull 80. The testicle was enlarged 2ϫ normal and the tunica vaginalis was diffusely adherent to the tunica albuginea. Normal parenchyma was replaced with a small central caseous necrotic area and radiating wedge-shaped regions of necrosis that variably extended from the center of the testicle to the tunica albugina ( Fig. 1 ). The necrotic areas were gritty on incision.
Microscopically, the necrotic testicular lesions in bull 80 contained focal areas of mineralization, large numbers of neutrophils, and abundant degenerate cel- lular debris. These areas were surrounded by infiltrates of macrophages, lymphocytes, and plasma cells and were separated from remaining parenchyma by dense, collagenous connective tissue. Binucleated or multinucleated giant cells were present in the inflammatory cell infiltrate, often adjacent to mineralized foci. Many macrophages contained few to numerous small, gramnegative coccobaccili distributed diffusely in the cytoplasm or clustered in cytoplasmic vacuoles. Organisms were also present in swollen degenerate cells in the centers of some necrotic areas. Remaining testicular parenchyma had diffuse interstitial fibrosis, focal interstitial accumulations of large and small mononuclear inflammatory cells, and aspermatogenic seminiferous tubules. Testicular tunics had numerous focal accumulations of mononuclear inflammatory cells (predominately lymphocytes and plasma cells), usually adjacent to blood vessels, and rare small pyogranulomas with central necrosis and mineralization. The epididymis had rare, small focal accumulations of lymphocytes and plasma cells located in intertubular connective tissue. Sections of testicle and epididymis from the other 6 bulls had no lesions.
Seminal vesicles from 4 of the 5 bulls examined had mild to moderate, diffuse, interstitial, cellular infiltrates consisting predominantly of lymphocytes and plasma cells; marked focal accumulations of lymphocytes and plasma cells in the interstitium; and accumulations of macrophages, neutrophils, and degenerate cellular debris in few to numerous glands. In addition, some glandular lumina in seminal vesicles from 2 bulls contained homogeneous, deeply eosinophilic inspissated proteinaceous material (Fig. 2) .
Immunohistochemical staining of the testicle from bull 80 demonstrated the labeling of large numbers of organisms in necrotic areas and surrounding inflammatory cells. Labeled organisms were most prevalent in swollen degenerate cells in the necrotic centers and in macrophages surrounding the necrotic areas (Fig.  3A) . Organisms in macrophages were diffusely scattered in the cytoplasm or clustered in one or more round cytoplasmic inclusions (Fig. 3B) . Marked, granular labeling was also present throughout or on the periphery of mineralized foci. Immunohistochemical staining of tissues from the other bulls labeled organisms in glandular lumina in the seminal vesicles of bulls 646 and 5341 (Figs. 3C, 3D) .
Ultrastructurally, chronic inflammatory tissue from the testicle of bull 80 contained large numbers of macrophages mixed with fibroblasts, plasmacytes, plasmablasts, and capillary endothelial cells. The large macrophages had marked surface ruffling and a massive increase in cytoplasmic volume. The nucleus was eccentric, and the cytoplasm was largely filled with large and small phagolysosomes that contained myelin figures, cytoplasmic debris, and bacteria in various stages of degeneration (Fig. 4) . Intact bacilli were seen in some macrophages but were always within large cytoplasmic vacuoles. In some foci, large macrophages had intracytoplasmic aggregates of calcified coccobacilli that were embedded in an amorphous, finely granular matrix (Fig. 5 ).
Discussion
The reasons for seroconversion in 80 young bulls and only 4 cows in this herd and the method of transmission of infection are undetermined. As calves, the animals may have acquired the infection which then remained latent until after sexual maturity when dissemination and seroconversion occurred. Infection during calfhood with persistence into adult life has been shown to occur in cattle. 18 Alternatively, the bison may have been recently exposed to an infected placenta or vaginal discharge, and behavioral differences may account for the disparity of seroprevalence between bulls and cows.
The culture results indicate that disseminated infection was present in these bulls soon after seroconversion. Except for the epididymis, B. abortus was isolated from each tissue sampled in one or more bison. The focal distribution of organisms in seminal vesicles demonstrated by immunohistochemistry and the isolation of low numbers of brucellae from many tissues while employing a rigorous tissue processing and culture protocol demonstrate the difficulty often experienced in isolating B. abortus from infected animals. The brucellae may be located in only a few sites and can be focally distributed in those tissues. Thus, culturing multiple lymph nodes and organs and an aggressive protocol whereby as much tissue as possible is processed and placed on media are important in obtaining an isolate from some infected seropositive animals.
The presence of seminal vesiculitis in all of the culture-positive bulls in which seminal vesicles were collected and the isolation of B. abortus and immunohis- tochemical demonstration of the organism in the seminal vesicles suggest that these glands are a common site for localization of infection in bison bulls. A previous report of seminal vesiculitis, epididymitis, and ampullitis in a culture-positive bison bull describes similar interstitial lymphoplasmacytic infiltrates in seminal vesicles, with neutrophils occasionally present in the interstitium and migrating through glandular epithelium. 23 Testicular lesions in bull 80 differed from those in 4 B. abortus-infected bison described previously. 7, 8, 22 Those reports describe abundant fluid or semifluid exudate in the scrotum or tunica vaginalis, with testicles either not present or shrunken, necrotic, and suspended in the exudate. It is likely that the liquefactive changes described previously were indicative of more chronic lesions than we report here.
The genital lesions in the South Dakota bison are similar to lesions produced by B. abortus in male cattle. 14, 17, 18 One group of workers has concluded that there are 2 syndromes in bovine bulls that may or may not occur in the same animal. 17 The first is orchitis and epididymitis; the second more common syndrome involves the seminal vesicles and ampullae. The same workers concluded that infected bulls may be seropositive or seronegative and may or may not shed B. abortus in the semen.
The role of bison bulls in transmitting brucellosis is undetermined. In cattle, bulls were once thought to be important in the transmission of brucellosis, 6, 20 and spread of the infection by artificial insemination has been reported. 5, 15 Experimental work, however, has led to the conclusion that bulls probably play a minor role in brucellosis transmission in cattle. 13, 18 More work is needed in bison bulls to determine the route, age, and persistence of infection; reliability of serologic testing to detect infection; and the role of the male in transmitting infection.
In summary, disseminated B. abortus infection was demonstrated in 6 of 7 young bison bulls that had re- Figure 5 . Cytoplasm of macrophage contains aggregate of mineralized coccobacilli (arrowheads). Bacteria are embedded in a matrix of finely granular, slightly electron-dense material. Macrophage cytoplasm contains many small vacuoles, slightly larger lysosomes and phagolysosomes, free polyribosomes, and lipid globules. Bar ϭ 0.8 m.
cently developed antibodies to the organism. Additionally, inflammatory changes and B. abortus were present in seminal vesicles of 4 bulls and the testicle of 1 bull with high antibody levels to B. abortus. One bull, with no observed lesions, had low to intermediate titers to B. abortus and was negative on culture.
